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ABSTRACT I . .  
14 ,  1967 an i n t e n s e  magnet ic  storm 
I . I  , o c c u r r e d .  Wi th in  three h o u r s  a f te r  the beg inn ing  of t h e  
main phase, ' a p o s i t i v e  impulse was seen  a t  l o w  l a t i t u d e  
' s t a t i o n s ,  C o i n c i d e n t  w i t h  t h i s  impulse  anomalously h i g h  
i 
I I 
I , . /  ' .  
f 
I . i  a n i s o t r o p i c ,  p a r t i c l e  f l u x e s  were observed  by the l o w  
ene rgy  i o n  d e t e c t o r  aboard the synchronous s a t e l l i t e  ATS-1. 
A t  t ha t  t i m e  the s p a c e c r a f t  w a s  l o c a t e d  a t  approximate ly  
1430 local  t i m e .  
I 
1 .  
i 
These p a r t i c l e s  are c o n s i s t e n t  w i t h  t h e  
' i  I 
I 
i I .  i n t e r p r e t a t i o n  t h a t  the magnetopause w a s  pushed inward 
beyond 6 . 5  ear th  r a d i i  d u r i n g  t h i s  e v e n t .  Subsequent  t o  t h i s  I 1 
i 
1 . I  
* !  a n i s o t r o p i c  f l u x  observed i n  t h e  magnetosheath,  t h e r e  o c c u r r e d  
i 
' i  
' i .  
. 1  
t h r e e  s e p a r a t e  i s o t r o p i c  par t ic le  b u r s t s  i n  t h e  .pre-midnight  
hemisphere, separated i n  t i m e  by abou t  t w o  and one-ha l f  
i .  
. I  
i 
I hours .  High t i m e  r e s o l u t i o n  of t h e  f i r s t  t w o  b u r s t s  g i v e s  ! 
ev idence  of a remarkable  cohe rence ,  i n d i c a t i n g  t h a t  the I '  
I *i ' .  
I '  
! 
' .  I . *
i 
d e t e c t o r  may have observed a n e a r l y  monoenerget ic  c loud  of . 
plasma d r i f t i n g  e s s e n t i a l l y  i n t a c t  around t h e  e a r t h ' f o r  a t  
! 
I ,  
I 
The R i c e  U n i v e r s i t y  p o s i t i v e  i o n  d e t e c t o r  aboard  t h i s  
g e o s t a t i o n a r y  s a t e l l i t e  h a s  p o s i t i v e  ' ion  energy  r e s o l u t i o n  
i n  the 0 t o  50 e V  r a n g e  through t w o  i n t e g r a l  c h a n n e l s ,  
which measure t h e  p o s i t i v e  i o n  f l u x e s  above 0 and 50 eV. 
. 
I 
. I  
I 
i. 
INTRODUCTION 1 .  . 
The f l u x  of i o n s  h a v i n g  e n e r g i e s  between 0 and 50 e V  ( a f t e r  
a c c e l e r a t i o n  or d e c e l e r a t i o n  by the a s  y e t  unknown s p a c e c r a f t  
p o t e n t i a l )  i s  of c o u r s e  the d i f f e r e n c e  between t h e  t w o  
i n t e g r a l  f l u x e s .  
complished by f i x i n g  t h e  c o n t r o l  g r i d  of a r e t a r d i n g  p o t e n t i a l  
a n a l y z e r  a t  the d e s i r e d  v o l t a g e .  The i o n s  a r e  t h e n  counted  
by a c h a n n e l  e l e c t r o n  m u l t i p l i e r  whose i n p u t  end i s  b i a s e d  
t o  -3000 v o l t s  i n  o r d e r  t o  p r o v i d e  p o s t - a c c e l e r a t i o n  t o  t h e  
These i n t e g r a l  f l u x  measurements are ac- 
p o s i t i v e  i o n s .  The  d i r e c t i o n a l  geomet r i c  f a c t o r  of the 
i n s t r u m e n t  i s  1 0  cm - s t e r .  -3 2 
' The s a t e l l i t e  s p i n s  a t  approx ima te ly  97 RPM, and as  it 
does so the  c o u n t s  from the c h a n n e l  e l e c t r o n  m u l t i p l i e r  are 
segmented i n  t i m e ,  so t h a t  t h e  d i r e c t i o n s  o f  a r r i v a l  of t h e  
incoming p a r t i c l e s  a r e  d i v i d e d  i n t o  t h i r t y  d i scre te  sectors, 
each 12O a p a r t  and i n c l u d i n g  an a n g u l a r  f i e l d  o f  view of 
a b o u t  25 . The d e t e c t o r  l o o k  d i r e c t i o n s  are normal t o  t h e '  0 L 
I .  
8 .  
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. I  
' . .  
I 
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i 
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. I  
, .  
the s p i n  ..:is of t h e  e a r t h .  
d i r e c t i o n s  rough ly  i n  t h e  magnet ic  e q u a t o r i a l  p l a n e  of 
the earth. 
Thus the d e t e c t o r  s c a n s  look 
I 
I 
I 
. I  
1 
I n  an  ea r l i e r  pape r  [Freeman and Maguire,  19673 t h e  
g r o s s  f e a t u r e s  of two months of d a t a  were d i s c u s s e d  i n  
d e t a i l .  There a l l  t h e  d a t a  p r e s e n t e d  r e l a t e d  t o  phenomena . 
i n  which t h e  par t ic le  f l u x e s  were isotropic  (a t  . l ea s t  t o  
f i r s t  o r d e r ) ,  and for which there w a s  no i m p o r t a n t  f r a c t i o n  
i 
of t h e  t o t a l  p r o t o n  f l u x  i n  t h e  0 t o  50 e l e c t r o n  v o l t  ene rgy  
range .  A d e f i n i t e  p a t t e r n  f o r  m a g n e t i c a l l y  d i s t u r b e d  p e r i o d s  
emerged, g i v i n g  c lear  i n d i c a t i o n  of a pre /pos t -midnight  
asymmetry i n  t h e  i n t e g r a l  p a r t i c l e  d a t a .  
a c t i v i t y  grew i n  i n t e n s i t y  (as measured by t h e  d a i l y  K 
t h e  b r e a d t h  of the reg ion  of enhanced par t ic le  f l u x  i n v a r i a b l y  
i n c r e a s e d  t o  encompass p a r t  of t h e  pre-midnight  quadran t .  
But i n  the d a i l y  s a t e l l i t e  passes examined, t h e  pre-dusk . 
and e a r l y  evening  sectors were f r e e  of f l u x e s  s i g n i f i c a n t l y  
above t h e  q u i e  t-day background. 
A s  t h e  magnet ic  
sum), 
P 
I n  the p r e s e n t  paper  w e  wish t o  c o n s i d e r  an anomalous 
piece of d a t a  which v i o l a t e s  t h e  above c o n d i t i o n s ;  i .e . ,  
a )  there i s  a d e f i n i t e  a n i s o t r o p y  i n  t h e  par t ic le  f l u x ;  
b) there i s  a s i g n i f i c a n t  l o w  energy  (0 t o  50 e V )  p r o t o n  
component; and c)  enhanced par t ic le  f l u x e s  appear  i n  t h e  
pre-dusk and e a r l y  evening s e c t o r s .  
' !  
i 
I 
? :  
* .  
I 
i -  t .  i t  
! 
d i rec t ions  a l l  pl.otted on t he  same abscissa.  The top graph 
t !  
i z  
I 
I : '  
; -  I 
. .  3' 
, PRllSENTATION OF THE DATA ' -  
t 
i I  
0 corresponds t o  thc fluxes coming from a range of about 36 
1 .  0 t o  60 clockwise from the sun - sa t e l l i t e  d i r ec t ion  looking 
down from the north.  Each succeeding pos i t i ve  angle i s  measured 
i n  the same way. 
There i s  a very pronounced peak i n  the  p a r t i c l e  f l u x  
i '  
. .  
. I  
during the f i rs t  hour i n  the  upper graphs. There follows a . 
I ' second peak a t  around 4:00, then another a t  6:30, and 
' I  
[altboucjh i t  i s n ' t ;  c lear  from the f igu re  due t o  the ' f a c t  t h a t  
I 
I t he  computer p l o t  program automatically de l e t e s  noisy da ta )  
. .  
!. ' 
I 
ye t  a t h i r d  peak a t  about  9:OO. As w e  s'can from the top 
, to the bottom of F i g u r e  2 ,  i .e . ,  i n  d i r e c t i o n s  p roceed ing  
. clockwise away from the sun,  the i n i t i a l  peak d i m i n i s h e s  
I 
i n  i n t e n s i t y ,  u n t i l  it has  e n t i r e l y  d i sappea red  i n  the 
l bottom curvk (which g i v e s  t h e . f l u x e s  coming from t h e  a n t i -  
However, t h e  subsequent  peaks  a re  s t i l l  so la r  d i r e c k o n )  . 
. p r e s e n t  i n  e s s e n t i a l l y  unmodified form. Thus, d u r i n g  a 
p e r i o d  of one-ha l f  hour  o r  so i n  t h e  f i r s t  p a r t  of t h e  day ,  
there w a s  an i n t e n s e l y  a n i s o t r o p i c  f l u x .  
flux w a s  t hen  fo l lowed by s u c c e s s i v e  peaks  which were 
. almost comple t e ly  i s o t r o p i c  and s e p a r a t e d  i n  t i m e  by  abou t  
two and one half h m r  Intervalsi 
That  a n i s o t r o p i c  
, 
The degree  o f  a n i s o t r o p y  of t h e  par t ic le  f l u x  i n  the 
first peak can be seen  i n  F i g u r e  3 ,  i n  which p a r t i c l e  f l u x  
' i s  p l o t t e d  a s  a f u n c t i o n .  of t h e  d i r e c t i o n  o f  a r r i v a l .  The 
maximum number of c o u n t s  per accumula t ion  i n t e r v a l  o c c u r s  
a t  a round 45 c lockwise  away from t h e  d i r e c t i o n  o f  t h e  sun. 
Unl ike  F i g u r e  2 ,  t h i s  - p l o t  i s  made on a l i n e a r  s c a l e ,  so 
one can  r e a d i l y  see that  the f r o n t  t o  back r a t i o  f o r  
t h i s  a n i s o t r o p y  i s  almost an  o r d e r  of magnitude. 
0 
F i g u r e  4 i s  a diagrammatic  r e p r e s e n t a t i o n  of what was 
H e r e  the p o i n t s  of o b s e r v a t i o n  of obse rved  on J a n u a r y  14. 
t h e s e  f o u r  p a r t i c l e  b u r s t s  are p l o t t e d  a long  the c i r c u l a r  
s a t e l l i t e  t r a j e c t o r y .  The v e c t o r  arrows i n d i c a t e  t h e  f l u x  
- magnitude and d i r e c t i o n .  The a n i s o t r o p i c  f l u x  i n  the f i rs t  
a 
b u r s t  i s  seen  t o  be approximate ly  t a n g e n t  t o  t h e  s a t e l l i t e  
orbit .  The succeeding  t h r e e  b u r s t s  appear  t o  be r e l a t i v e l y  

i ;  
complete isotropy d u r i n g  the second ha i f  hour and an I f
I 
. .  
' !  
, .  . .  
i '  
c .  
i '  
' 1  
, *  
i i  s .  
i i  There :is the  in t e re s t ing  p o s s i b i l i t y  t h a t  the large I 
sca le  an iso t ropic  f lux  r e s u l t s  from- the  magnetopause having 
temporarily e n t e r s  the  t r ans i t i on  region. Indeed, on the !- 
: I  
' been compressed inward beyond 6.5 R so t h a t  the s a t e l l i t e  I 
I i '  
, I  
E' 
b a s i s  of Figures 3 and 4 ,  i t  seems reasonable t o  conclude 
t h a t  the de tec tor  i s  observing the c l a s s i c  flow pa t t e rn  
expected i n  a stream near t h e  nose of a blunt  obstacle .  
I n  addi t ion,  the so l a r  wind conditions,  a s  observed by the  
p a r t i c l e  detector  on one of the Vela s a t e l l i t e ,  show a 
, I  
! 
i 
I '  
, 
. i  
. I  
i 
i 
i . dramatic increase i n  a c t i v i t y  near the noon rneridiaii at 
8 .  
b .  
shown i n  F igu re  5 a r e  t h e  t i m e  p e r i o d s  d u r i n g  which t h e  UCLA 
ATS-'l magnetometer r e g i s t e r e d  s u b s t a n t i a l l y  reduced f i e l d  
magnitudes. '  
l i t e  was o u t s i d e  t h e  magnetopause. I 
I 
d i s t r i b u t i o n  and the lo%, very  low energy p o s i t i v e  i o n  f l u x  i 
are g e n e r a l l y  i n  agreement w i t h  p r e v i o u s  p ro ton  measurements 
i n  the magnetosheath [ c . f .  Gos l inq ,  Asbr idge ,  Bame,. and 
S t ronq  , 1967 J . 
I I ,  
i 
These p e r i o d s  then  a r e  t h e  t imes  when t h e  s a t e l -  
1 
I 
The observed ,  broad b u t  n e v e r t h e l e s s  a n i s o t r o p i c  angu la r  
I 
1 
I 
b) The S-icbsequcnt Ls&roy?ic RI-1rst-s  I ! 
1 
! 
One h y p o t h e s i s  t h a t  can be made on t h e  b a s i s  of  F i y i l r e s  
2 and 4 i s  t h a t ,  fo l lowing  t h e  boundary c r o s s i n g ,  t h e r e  was 
an i n j e c t i o n  o f  p a r t i c l e s  t h a t  subsequen t ly  d r i f t e d  i n  l o n g i t u d e  . 
. around t h e  e a r t h ,  and t h a t  t h e  t h r e e  s u c c e s s i v e  i s o t r o p i c  i 
1 ,  b u r s t s  r e p r e s e n t  encoun te r s  of  t h e  s a t e l l i t e  w i th  one c loud  
of plasma. Based on  t h e  observed t ime between b u r s t s  o f  t w o  
h o u r s  and twenty- f ive  minutes and assuming an axisymmetr ic  I 
f i e l d ,  t h e  e n e r g i e s  r e q u i r e d  of such p a r t i c l e s  a r e  4 0  keV 
i f  p r o t o n s  and 50 keV i f  e l e c t r o n s .  
. .  
That  a group of charged p a r t i c l e s  could  remain c o h e r e n t  
for t w o  s u c c e s s i v e  e a r t h  o r b i t s  seems l i k e  q u i t e  a remarkable  
r e s u l t .  I n  an a t t empt  t o  d i s c e r n  whether o r  n o t  t h e s e  suc- 
c e s s i v e  peaks a r e  a c t u a l l y  s e p a r a t e  o b s e r v a t i o n s  of t h e  same 
c loud  of plasma, we have r e p l o t t e d  F igu re  2 i n  h i g h  t ime 
r e s o l u t i o n .  The r e s u l t ,  shown i n  F igu re  6 ,  i s  an o v e r l a y  
. .  
of  t h e  f l u x e s  f o r  t h e  t h r e e  i s o t r o p i c  b u r s t s .  One can s e e  
. t h a t  t h e r e  a p p a r e n t l y  a r e  i n d i v i d u a l  peaks  i n  t h e  f i r s t  burst 
t h a t  can a l s o  be found i n  t h e  second. T h i s  d e t a i l e d  coherence 
d i s a p p e a r s ,  however, between t h e  second and t h i r d  peaks ,  
~ ~~ .-_ _-.<- - -?. -I. -.,- .....,-.-'..:--L-..c  -- 
i 
i 
1 .  
i 1 ,  
, . i :  
I ! 
- .  I 
I '  
A .  -8- 
! c i ! ;  
I 1 1 :  
J .  
. .  1 
i ' ;, 
i i  
j :  
a l though  a rough cor respondence  can  sti ' ll  be no ted .  
I ..i . I 
.$ [ 
{ , I  ' .  I -  . have  been  monoenerge t ic  to  w i t h i n  1 keV or  a f e w  p e r c e n t  
r r  
, I  - i n  which case observed  tempora l  v a r i a t i o n s  merely mirror 
' !  . .  i 
I f  t h i s  h y p o t h e s i s  i s  correct,  the e n t i r e  c l o u d  must , 
I 
I 
. I  I 
1 :  
* .  I !  
, -  the t i m e  p r o f i l e  of the i n j e c t i o n  mechanism. The i n j e c t i o n  
I . :  
. .  . .  I 
. .  .. . 
, 
I 
/ .  
I 
* .  mechanism, t w n ,  seeins s~mehow to be r e l a t e d  t o  t h e  Stidden 
, 
impulse.  : 
On the  other hand,  it i s  possible tha t  the coherency  
. :  
I 
obse rved  between t h e  f i r s t  t w o  peaks  was a c c i d e n t a l ,  
the three b u r s t s  were a c t u a l l y  separate r e g i o n s  of enhancement, 
and t h a t  
An examinat ion  o f  t h e  magnetograms i n  F i g u r e  1 y i e l d s  no 
' !  
e v i d e n c e  of phase  shifted disturbances vhicl? wc?uld i n d i  c:-,te 
t ha t  50 keV par t ic les  were d r i f t i n g  i n  an asymmetric c l o u d ,  
However, t h i s  c o u l d  be due to  t h e  f a c t  t ha t  the p a r t i c l e a  
I 
I 
i 
! 
1 
a c t u a l l y  e x e c u t i n g  t h e  d r i f t  motion c o n s t i t u t e  a v e r y  s m a l l  
f r a c t i o n  of t h e  t o t a l  energy c o n t e n t  of the s torm.  
I n  summary, on Janua ry  14, 1967 t h e  ATS-1 s a t e l l i t e  
w a s  n e a r  t h e  noon mer id ian  d u r i n g  a sudden impulse  t h a t  
I ! _  compressed t h e  magnetopause inward beyond i t s  o r b i t .  A 
, I  
d r a m a t i c  i n c r e a s e  i n  t h e  asymmetric pa r t i c l e  f l u x  was Seon 
c o i n c i d e n t  w i t h  the sudden impulse  on low l a t i t u d e '  ground- 
I 
. I 
based  magnetograms, and w i t h  l a r g e  f l u c t u a t i o n s  i n  on-board 
magnetometer r e a d i n g s .  I n  a d d i t i o n  there i s  some ev idence  
t h a t  an asymmetric c loud of trapped 50 keV pa r t i c l e s  was 
c r e a t e d  by t h e  impulse  and w a s  s u f f i c i e n t l y  monoenerge t ic  
t o  remain c o h e r e n t  th roughout  one or two complete  d r i f t  
- orbi ts  around t h e  e a r t h .  
on t h i s  f i n a l  p o i n t .  
W e  l e t  t h e  r e a d e r  j udge  for h i m s e l f  
I 
e .  
' .  ~ 
, -  
. :  
~. . 
. .  . , .  . . .  . .  , . . 
, !  . .  
I . .  . .  
0. 
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. .  
. ,  
. .  
. .  . .  . . . .  
- 9- 
. - ACKNOWLEDGbENTS 
I 
1 -  
1 . -  
i We appreciate useful discussions with Dr. A. J. Dessler. 
This resear'ch w a s  supported by NASA Contract NAS 5-9561. 
i 
. .  
I 
. .  
' ' j  
i 
I 
- .  
. .  
. .  
I 
! .  
. 

-11- 
CAPTIONS FOR FIGURES 
F i g u r e  1 Magnetograms showing the h o r i z o n t a l  component 
of the geomagnet ic  f i e l d  a t  San J u a n ,  Honolu lu  
and Guam d u r i n g  t h e  m a g n e t i c  s t o r m  of J a n u a r y  
13-14, 1967. 
F i g u r e  2 ATS p a r t i c l e  f l u x  d a t a  from t h e  0 e V  i n t e g r a l  
c h a n n e l  for Day 1 4 ,  1967. T h i s  se t  of graphs 
g i v e s  the f l u x e s  from f i v e  d i f f e r e n t  look 
d i r e c t i o n s  of  the  d e t e c t o r  p l o t t e d  on a common 
abscissa. The m y l a r  c o o r d i n a t e  s y s t e m  u s e d  
i s  d e f i n e d  i n  F i g u r e  3 .  The o r d i n a t e ,  l e v e l  
number,  i s  a n o n - l i n e a r  r e p r e s e n t a t i o n  of t h e  
c o u n t s  i n  each  a c c u m u l a t i o n  i n t e r v a l .  The 
c o n v e r s i o n  t o  f l u x  i s  a s  follows: L e v e l  N o .  8 
c o r r e s p o n d s  t o  a f l u x  of a p p r o x i m a t e l y  3 x 10  
2 7 ions/cm - s e c - s t e r . ,  L e v e l  N o .  2 4  t o  1 x 10 
2 7 ions/cm - s e c - s t e r . ,  and L e v e l  N o .  4 0  t o  4 x 10 
2 ions/cm - s e c - s t e r .  Each o r d i n a t e  scale marking  
c o r r e s p o n d s  t o  a m u l t i p l e  o f  10 ( L e v e l  N o s . ) ,  
w i t h  a s l i d i n g  z e r o  l e v e l  a s s i g n e d  t o  e a c h  o f  
the f i v e  c u r v e s .  
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F i g u r e  3 L i n e a r  p l o t  of pa r t i c l e  f l u x  v s .  d i r e c t i o n  of 
a r r i v a l  for the a n i s o t r o p i c  f l u x  e v e n t  a t  t h e  
b e g i n n i n g  of Day 14 ,  1967. 
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F i g u r e  4 Day '14 s a t e l l i t e  t r a j e c t o r y ,  w i t h  a n i s o t r o p i c  1 i *f 
i '  
I 
I 
and i s o t r o p i c  b u r s t s  i n d i c a t e d .  The arrows 
I !  . -  
i are vectors, g i v i n g  both t h e  magnitude and 
- !  
t ' r  ; 
i 
. i  F i g u r e  5 High t i m e  r e s o l u t i o n  of pcr iod  of a n i s c t r o p i c  
i I , f l u x  from t h e  45 d i r e c t i o n  on Day 14. The 
1 
d i r e c t i o n  of f l u x  a t  t h e  p a r t i c u l a r  l o c a l  t i m e .  
0 
peaks v e r y  l i k e l y  co r re spond  t o  t i m e s  when 
the s a t e l l i t e  w a s  i n  t h e  t r a n s i t i o n  r e g i o n  
and t h e  t r o u g h s  t o  t i m e s  when it w a s  i n  t h e  
' I '  
; :  i 
i 
I 
1 
i ,  magnetosphere.  The o r d i n a t e  has t h e  same 
I '  
. I  i 
ii"ii--Iizetir S C Z ~ Z  referred t= i~ ~ i g g r e  2, 
. I  i i  
. i !  
I .  
! . F i g u r e  6 Triple  o v e r l a y  of t h e  throe i so t ropic  b u r s t s  i n  ' 1 .  
I . 1  h i g h  t ime r e s o l u t i o n .  Tha a b s c i s s a  is so ar- 
. I  i . _  ' ranged  t h a t  co r re spond ing  p o i n t s  on g raphs  
. j  A,  B, and C are s e p a r a t e d  i n  t i m e  by 2 h o u r s  
. I  .  
! 
- 
. I  
and 25 minutes .  
cor responds  t o  approximata ly  1000 c o u n t s ,  and 
the t h r e e  c u r v e s  must be connec ted  i n  o r d e r  
end t o  end i n  o r d e r  t o  r e a d  the o r d i n a t e .  
The maximum ampl i tude  on c u r v e  A 
i '. 
' .  
. I  
: I  - Each point  r e p r e s e n t s  the sum of t h e  c o u n t s  from 
a l l  d i r e c t i o n s  d u r i n g  one s p i n  o f  the s a t e l l i t e .  
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